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On the Supposed Nature of ,~ir prior lo the Discovery of Oxygen. 
B y  GEORGE F .  ROI)WELL, F . C . S .  

From the London Chemical News, Nos. 214 and 215. 
(Continued from page 176.) 

4. Ynvention of the Air  ]~um]).--About ten years after the discovery 
of the pressure of the air, Otto Von Guericke,* a burgomaster of Mag- 
deburgh, made a number of experiments, with a view of obtaining a 
larger vacuous space than that which could be procured by Torricelli's 
method ; for, although the behavior of certain bodies in a vacuum had 
been tried by introducing them into the Torricellian vacuum, this mode 
of experimenting was obviously attended with numerous difficulties, 
and but few substances could be placed in a vacuum obtained by such 
a process. 

Guericke conceived that he could effect his object by completely fill- 
ing a vessel with some substance which could be removed without 
allowing air to take its place, tie, accordingly, filled a wooden cask 
with water, and fitted into it a syringe, all other parts being closed as 
securely as possible; he then pumped out the water, expecting that a 
vacuum would be produced in the cask~ but air readily entered~ by the 
crevices, to occupy the space which the water left.l" 

Having previously observed, however, that air could be made to ex- 
pand to any extent, he determined to cause air to leave a vessel, ia 
virtue of that property, and to prevent its return by external means. 
In order to effect this, he took a copper globe, and fitted into it a 
syringe ; when the pumping was commenced, the piston worked some- 
what easily, but became more and more difficult to raise~ and in a few 
minutes the globe was compressed with a loud noise. 

Guericke next procured a glass globe, furnished with a straight 
brass tube, containing a stop-cock, by means of which, free communi- 
cation with the interior of the globe could be established or prevented ; 
to the lower part of the tube, and inclined to it at an angle of 45 °, a 
syringe, having a solid piston, was adapted. :Near the lower end of 
the syringe, a lateral valve opening outwards was placed, and at the 
juncture of the syringe with the tube tllere was a second valve, open- 
ing into the syringe. Tile valve and stop-cock were immersed in water 
to prevent air from leaking into the apparatus.:~ I t  is obvious that, 
on raising the piston of such an air-pump, the air in the globe will 
expand, open the lower valve, and escape into the body of the syringe~ 
while the lateral valve will be kept closed by the pressure of the air ; 
and, on depressing the piston, tile lower valve will close~ and the lateral 
valve will open to allow the air in the body of the syringe to escape. 
A good vacuum could be obtained by this instrument~ but it required 
a great deal of pumping to produce it. 

~¢ Boi~n, 1602. Died, 1686. 
j- See "Ottonis de Guericke Experimenta Nova Cut Voeantur) ~agdeburgica do 

Vacuo Spatio." Amstelodami. 1672. 
:~ See "i~[echanica Hydraulico Pneumatica," by Gaspar Schottus. 1658. Also, 

"Technica Curiosa," ('1664), by the same author. 
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Soon after the invention of the air-pump, Guerieke constructed the 
"~[agdeburgh hemispheres," a full account of which, Schottus informs 
us, was first given to him in July, 1656. In Guericke's "Experi-  
menta Nova," there is a picture which conveys to the mind a good 
idea of the enormous pressure of the air. In the centre of this picture 
we observe a pair of large Magdeburgh hemispheres, to each of which 
eight horses are attached, and, although most evidently urged to their 
uttermost by men, who flourish aloft gigantic whips, they are unable 
to effect the division of the sphere. 

Among other experiments made by Guericke with his air-pump, we 
may mention the following: 

1. A sparrow placed in the receiver died on exhausting. 
2. A candle was extinguished in an exhausted receiver, because, 

says Guericke, fire consumes air. 
3. Water was found to rise to a great height in an exhausted tube, 

and when the exhausted receiver of the pump was opened under water, 
water violently entered, and almost filled it. 

4. A vessel exhausted of air was found to be considerably lighter 
than before exhaustion. 

5. A bell made to ring in art exhausted receiver was inaudible until 
air had been admitted. 

Kircher* had previously tried this experiment in the Torricellian 
vacuum by ringing a bell, the clapper of which was of iron, and was 
moved by the alternate approximation and withdrawal of a magnet. 
Kirchcr states that the sound was distinctly audible, from which we 
may infer that he suspended his bell within the tube by means of some 
substance capable of transmitting the vibrations to the tube. 

Guerieke did not believe the air to be elemental, and considered it 
incapable of being converted into water. 

The following is his definition of air. 
"Aer  est nihil aliud quam expiratio aut effluvium, aquarum, terra- 

rumque, et aliarum rerum corporearum." 
The science of Pneumatics, which took its rise immediately after the 

invention of the air-pump, was greatly extended in England by some 
of that band of experimental philosophers which arose shortly after 
the death of Bacon. Foremost in that band, if not the very leader of 
it, was Robert Boyle,t a man who, despising all previous philosophies, 
applied himself vigorously to carry out the ideas of Lord Bacon. Boyle 
had the greatest reverence for the "Novum Organum," and there 
could not be a mind better adapted than his for putting in practice the 
'~ new philosophy." He was the very man that was wanted, at a time 
when speculative philosophy, unaided by experiment, was being changed 
for experimental philosophy, aided by inductive reasoning. 

" B u t  our hope of further progress in the sciences," writes Bacon, 
in the "Novum Organum,"~ " will then only be well-founded when 
numerous experiments shall be received and collected into natural 

Born, 1601. Died, 1680. 4f Born, 1626. Died, 1691. 
:~ Book 1, Aph. 99. 
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history, which, though of no use in themselves, assist materially in the 
discovery of causes and axioms, which experiments we have termed, 
enlightening, to distinguish them from ttlose which are profitable. 
• h e y  possess this wonderful property and nature, that they never de- 
ceive or fail you ; for being used to discover the natural cause of some 
object, whatever be the result, they eclually satisfy your aim by decid- 
ing the question." 

:Now, Boyle was the man to thus promote the welfare of the sciences ; 
he was not one to cultivate them for profit to himself, or for renown, 
but he chose rather to study science for the pure love of the thing ; and 
such men only have a right to bear the title of Philosopher, and by 
them alone is science permanently benefited. Bacon was the archi- 
tect who planned out a glorious structure, and Boyle was one of the 
master-builders of his day ; and he laid tim foundation of a part of that 
building so securely, that it still endures ; and although now and then 
we have to remove a brick which has fallen to decay, we still continue 
to build on that foundation, and the workmen increase, and the build- 
ing rises rapidly,-- let  us hope it may be soon roofed in. 

The writings of Boyle extend over a period of thir ty years ; they 
are excessively prolix, but with so few previous experiments on most 
of the subjects, it was difficult to avoid describing the most trivial 
effects: we must remember, moreover that he wrote of phenomena 
hitherto almost unknown to the human mind, and we must overlook the 
tediousness of the accounts of his experiments, which, although they 
appear very detail to us, were probably not too much so for his con- 
temporaries. 

Boyle's first work on the air appeared irt 1661, and was entitled 
":New Experiments, Physico-Mechanical, Touching the Spring of the 
Air and its Effects ; made for the most part in a new :Pneumatical 
:Engine." The entire work is written in the form of a letter to Lord 
Dungarvan, and is dated December 20, 1659. 

So soon as Boyle heard of the invention of Otto Von Guericke's 
air-pump, he determined to construct one which should be less cum- 
brous, and should not require to be placed in a vessel of water. He 
mentioned his wish to his friends, Hooke and Greatorex, and, after 
several unsuccessful trials, Hooke made for him an air-pump which 
was considered to be superior to Guerieke's. I t  consisted of a hollow 
vertical cylinder of cast brass, fourteen inches long and three inches 
internal diameter, the lower end of which was open, and the upper 
closed, with the exception of a small orifice in the line of the axis of 
the cylinder, and a tapering, lateral orifice, into which a brass stopper, 
serving as a valve, fitted air-tight. A solid piston, to which vertical 
motion was given by means of a rack and pinion, worked within the 
cylinder. The receiver* was a glass globe capable of containing thir ty 
wine quarts, fitted with a stop-cock, the shank of which was cemented 

No one ca~a have  failed_ to observe how s ingula r ly  inapplicable the name  of  
, '  r e c e i ve r "  is to tha t  par t  of an a i r -pump which it  is desired to e m p t y  as complete ly  
as possible ; tho name  was g iven  by Boyle, who, in speaking  of the vessel to be ex- 
hausted,  says, " w h i c h  we, wi th  the  glass-men,  shall  often call a receiver, for i ts 
affinity to the  large vessels of tha t  name,  used by chemis ts . "  
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into the upper orifice of the cylinder; and in that part of the globe 
opposite the stop-cock there was a circular-lipped opening four inches 
in diameter, to which a brass ring (diminishing the diameter of the 
opening to three inches)was cemented; the ring was closed by art 
"exquisitely-ground " brass plate, containing a half-inch circular ori- 
fice closed by a brass stopper, which could be turned, when the receiver 
was exhausted, without admitting air. The whole apparatus was ar- 
ranged vertically, so that it was terminated above by the opening of 
the receiver for the introductiou of bodies to be experimented upon, and 
below by the open orifice of the brass cylinder. 

Before commencing to exhaust the receiver, the piston and all the 
joints were well oiled, the piston pushed to the top of the cylinder, and 
the step-cock and lateral valve closed ; the piston was then drawn to 
the bottom of the cylinder, and the stop-cock opened to allow air to 
rush from tt~e receiver into the vacuous space ; the stop-cock was now 
closed, the valve opened to allow of the exit of the air in the body 
of the cylinder, and the piston again forced to tile top of the cylinder ; 
the same process was repeated until the receiver was exhausted. 

I do not consider this first air-pump of ]3oyle's by any means so in- 
genious a contrivance as that of Otto Yon Guericke. The arrange- 
ment of the apparatus was indeed different, but the method of exhaus- 
tiort was the same, more clumsily cffeeted ; the stop-cock of ]3oyle's 
pump played the same part as the lower valve of Guericke's, and the 
lateral valve of the former the same as the lateral valve of the latter, 
with this disadvantage, however, that the valves of Boyle's pump had 
to be worked by hand, while those of Guericke's were worked by the 
air. 

Some of the more important of the forty-three experiments detailed 
in the treatise we are considering, are given below: 

In the first experiment Boyle explains by what means the receiver 
of his air-pump is exhausted, and he affirms that most of the experi- 
ments which lie is about to relate may be explained by bearing irt 
mind the faet~ " that there is a spring or elastical power in the ~ir we 
live in." 

He compares the air to a fleece of woo]~ or a dry sponge,* or says 
we may admit Des Cartes' theory, that the air is made up of innumer- 
able flexible particles, which are so moved about by the motion of the 
celestial matter in which they swim, that each particle keeps those 
around it at a distance. Boyle prefers to believe that the air itself 
is elastic, rather than to admit Des Cartes' theory. 

The height of the atmosphere, according to Kepler, is only eight 
miles, bu~ Ricciolo makes it probable that it extends to a height of 
fifty miles. " Can we not, therefore, well imagine," writes Boyle, " tha t  

Hero,  of  A lexandr i a ,  who was acquainted wi th  the  elast ici ty of  the  air, com-  
pares it  to horn  shavings ,  or a spong'e. 

Pascal ,  as we have  seen in the  previous paper, compared  the  air  to wool, a favo- 
r i te  simile of  Boyle 's  t h roughou t  this  work, but  whe the r  taken  from Pascal  or not  
i t  is difficult to say. :Pascal's treaties " O n  the W e i g h t  of  the  Mass  of A i r . "  was 
no t  publ ished tilt 1663, bu t  Boyle maiy have  heard  of the  compar ison  f rom some 
one who had  conversed  wi th  t 'ascal .  
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the weight of a column of air vf such a height will keep ' the  little 
springs' of the air bent, and that when that weight is removed they 
will straighten themselves. 

Experiment 2. When a stoppered receiver was exhausted of air, 
great force was found to be necessary to remove the stopper. 

From the length at which this experiment is detailed it would ap- 
pear that Boyle had not heard of the Magdeburgh hemispheres, al- 
though they were invented several years previously. 

Experiment 4. A half-blown bladder placed in the receiver became 
fully expanded on exhausting. 

This experlment had been previously tried by Roberval, by intro- 
ducing a nearly empty carp's bladder into the Torrieellian vacuum. 

Experiment 5. When the exhaustion was long-continued the blad- 
der burst ; a partially-filled bladder also burst when held near a fire. 

Experiment 6. In order to determine to what extent a known 
quantity of air could be made to expand, when pressure was removed 
from it, Boyle took a phial containing four or five drachms, tied aa 
emp!y lamb's bladder over its mouth, and placed it in the air-pump 
receiver ; exhaustiou was continued until the bladder was fully ex- 
panded, and by comparing the capacities of the phial and bladder, the 
air was found to have expanded to nine times its original bulk. 

This mode of experimenting was evidently borrowed from Bacon, 
who, in the 40th Aph. of Book 2 of the "Novum Organum," describes 
an experiment which he made in order to determine the space occu- 
pied by the vapor produced from a liquid occupying a known space; 
in other words, the ratio between the spaces occupied by a substance 
when iu the liquid and gaseous states. This experiment, although it 
could only give most fallacious results, is well worthy of record, inas- 
much as it was ruade at a time whcrt experiments of any kind were 
rare, and quantitative experiments most rare. 

Bacon filled an ounce phial, of known weight, with the lightest 
liquid with which he was acquainted (spirits of wine), weighed, to de- 
termine the amount of spirit taken, and tied an empty bladder, con- 
taining about two pints when full, over the mouth of the phial ; the 
spirit was heated until the bladder was fully expanded, when the heat- 
ing was discontinued, the bladder pricked to allow the vapor to es- 
eape, and then removed from the phial; on re-weighing the phial, the 
amount of spirit converted into vapor was found, and the space it 
occupied being compared with the contents of the bladder, it was 
shown that the spirit of wine occupied in the state of vapor 100 times 
the bulk it possessed in the liquid form. 

But we must return to Boyle's experiment on the expansion of air 
under diminished pressure. After making the experiment with the 
bladder and phial, he devised a far more accurate method, which was 
to place within the receiver a tube, closed at one end, to which a 
divided , ta le  was attached, and the capacity of which was known. 
The tube was entirely filled with water, with the exception of the 
space occupied by a small quantity of air of known bulk~ and its lower 
end was plaee¢l in a vessel of water. When pressure was removed, 

2 2  * 
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the air within the tube expanded and depressed the column of water, 
and the amount of expansion was shown by the scale. By  this means 
it was found that  air expanded to th i r ty-one times its bulk, but the tube 
was too short, and the air still continued to expand, when tlle experi- 
ment  had to be stepped, t i e  next made use of a tube three feet long, 
passed it air- t ight  through the cover of the receiver, and placed the 
phial of water, into which its open orifice dipped, within the receiver; 

known quant i ty  of air was now found to expand to 152 times its 
previous bulk ; it is obvious, however, that  the inaccuracy of the ex- 
periment  increases with the length of the tube, because, when the ex- 
haust ion has proceeded to a certain extent,  tile column of water will 
fall, not only on account of the expansion of the air above it, but also 
because its own weight can part ial ly overcome the pressure of the 
rarefied air in the receiver. 

Exper iment  7. A small globe of very thin glass filled with air, was 
placed in air-tight connexion with an exhausted receiver : on suddenly 
¢urning the stop-cock, so as to open free communication with tile re- 
ceiver, the globe was not broken, probably,  iBovle says, on account 
of  its shape. 

Exper iment  8. The helmet of  a glass alembic was fitted with a stop- 
cock, every other part  being closed ; the shank of the stop-cock was 
cemented into tile upper orifice of  the pump-barrel ;  on exhausting, the 
helmet  was broken. 

Exper imeut  9. A glass tube, open at both ends, was cemented 
firmly into the neck of a glass phial containing a small quant i ty  of 
water, so that  its lower end reached nearly to the bottom of the phial ; 
~he lat ter  was placed in a small receiver,  and the tube passed air-tight 
through the cover ; on exhausting,  the phial was burst,* because, says 
:Boyle, the inside of the phial had to bear the whole weight of the at- 
mosphere, and there was no corresponding pressure to counterbalance 
it on the outside. The thinnest  glass vessel is not broken in the air, 
because both the inside and outside are equally pressed;  in other 
words, it is submitted to no pressure at all. 

Exper iment  10. A lighted candle was placed in the receiver ; on 
exhausting,  it was extinguished. When burnt  in the closed receiver, 
without exhausting, it continued alight for a much longer time. 

Exper iment  11. 2~ wire-basket, filled with ignited charcoal, was 
suspended in the receiver ; on exhausting, the charcoal ceased to glow 

~'- The phial burst with such violence that it cracked the air-pump receiver,--a 
not unfrequent occurrence, however, from other causes; and, as receivers were 
difficult to procure, Boyle was in the habit of covering the cracks with cement, 
and afterwards with diachylon plaster. The following is his account of the pre- 
paration of the cement :--"  The plaster was made of good'quicklime, finely" poudred, 
and nimbly ground with a pestle in a mortar, with a quantity (I know not how 
much precisely, not having the essays in this place) of scrapings of cheese and a 
little fair water, no more than i~ just necessary to bring the mixture to a somewhat 
soft paste, which, when the ingredients are exquisitely incorporated, will have a 
strong and stincking smell. Then it must be immediately spread upon a linnen 
eloath of three or four fingers' breadth, and presently apply'd, lest it begin to harden. 
But if your Lordship had seen how we mended with it receivers, even for the most 
subtle Chymicall spirits~ you would scarce wonder at the ~ervice it hath done ia our 
Pneumat, ieal Glass." 
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sooner than when the receiver was not exhausted; but a piece of re~l- 
hot iron did not appear to lose its redness sooner in a vacuum than 
~vheu placed in the closed receiver. 

Experiment 12. A piece of lighted match, "such as souldlers use," 
u'as placed in the receiver; it was quickly extinguished, and an im- 
mense quantity of smoke was produced. 

Experiment 13. In order to see whether the match was extinguished 
for want of air, or because the smoke pressed upon it, and stifled the 
flame, a partially-blown bladder was introduced with the match, to see 
if the fumes exerted appreciable pressure, but the bladder expanded 
quite as readily as when it was placed in the receiver without the match. 

Experiment 14. Gunpowder could be fired in an exhausted receiver, 
and a flint and steel meeting together in collision produced sparks. 

(To be Con(inued.) 

On the Spectra of some of the Fixed Slats. 
From the London Chemical News, No. 236, 

A paper " o n  the spectra of some of the fixed stars," by W. Hug- 
gins, F.R.A.S.,  and Professor W. A. Miller, was then read. After 
a few introductory remarks, the authors describe the apparatus which 
they employ, and their general method of observing the spectra of the 
fixed stars and planets. The spectroscope contrived for these inquiries 
was attached to the eye-end of a refracting telescope of 10 feet focal 
length, with an 8-inch achromatic object-glass, the whole mounted equa- 
torially and carried by a clock-movement. In the construction of the 
spectroscope, a plane-convex cylindrical lens, of 14 inches focal length, 
was employed to convert the image of the star into a narrow line of 
light, which was made to fall upon a very fine slit, behind which was 
placed an achromatic collimating lens. The dispersing portion of the 
arrangement consisted of two dense flint-glass prisms~ and the spec- 
trum was viewed through a small achromatic telescope with a magnify- 
ing power of between 5 and 6 diameters. Angular measures of the 
different parts of the spectrum were obtained by means of a microme- 
tric screw s by which the position of the small telescope was regulated. 
A reflecting prism was placed over one half of the slit of the spectro- 
scope, and by means of a mirror, suitably adjusted, the spectra of 
comparison were viewed simultaneously with the stellar spectra. This 
light was usually obtained from the induction spark taken between 
electrodes of different metals. The dispersive power of the apparatus 
was sufficient to enable the observer to see the line .bri of Kirchhoff 
between the two solar lines D; and the three constituents of the mag- 
nesium group at b are divided still more evidently.* Minute deta i l s  
of the methods adopted for testing the exact coincidence of the cor-  
r e s p o n d i n g  m e t a l l i c  lines with those of the solar and lunar s p e c t r u m  

* Each unit of the scale adopted was about equal to ~ - ~ t h  of the distance be- 
tween x and ~[ in the solar spectrum. The meast~res on ditferent occasions of the- 
~ame line rarely differed by one of these units~ and were often identical. 


